Recent UV-optical surveys have been successful in finding tidal disruption events (TDEs), in which a star is tidally disrupted by a supermassive black hole (BH). These TDEs release a huge amount of radiation energy E rad ∼ 10 51 − 10 52 erg into the circum-nuclear medium. If the medium is dusty, most of the radiation energy will be absorbed by dust grains within ∼ 1 pc from the BH and re-radiated in the infrared. We calculate the dust emission lightcurve from a 1-D radiative transfer model, taking into account the time-dependent heating, cooling and sublimation of dust grains. We show that the dust emission peaks at 3 − 10 µm and has typical luminosities between 10 42 and 10 43 erg s −1 (with sky covering factor of dusty clouds ranging from 0.1 to 1). This is detectable by current generation of telescopes. In the near future, James Webb Space Telescope will be able to perform photometric and spectroscopic measurements, in which silicate or polycyclic aromatic hydrocarbon (PAH) features may be found.
INTRODUCTION
Most galaxies harbor weakly-or non-active central supermassive black holes (BHs). Roughly once every 10 4 − 10 5 years in each galaxy, a star enters the BH's tidal disruption radius within which the tidal force of the BH exceeds the star's self gravity, and hence the star gets tidally disrupted (Lacy et al. 1982; Rees 1988; Wang & Merritt 2004) . In these so-called tidal disruption events (TDEs), the stellar debris feeds a burst of strong accretion that generates a bright flare of electromagnetic radiation. Several dozen such flares have been reported at various wavelengths, e.g. hard X-ray/γ-ray (Levan et al. 2011; Bloom et al. 2011; Cenko et al. 2012) , soft X-ray (reviewed by Komossa 2015) , UV (e.g. Gezari et al. 2009 Gezari et al. , 2012 and optical (e.g. van Velzen et al. 2011; Arcavi et al. 2014; Vinkó et al. 2015; Holoien et al. 2015) .
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If a large fraction of the stellar debris is accreted by the BH, the total energy budget is ∼ ξM⊙c 2 ≃ 10 53 ξ−1 erg, where ξ = 0.1ξ−1 is the efficiency of energy release from accretion and depends on the BH spin (Shakura & Sunyaev 1973) . However, the observed radiation energy is usually 10 51 − 10 52 erg, much smaller than expected. Especially, the energies of the optically discovered TDEs lie at the lower end (∼ 10 51 erg). A possible solution to the "efficiency problem" could be that ξ ≪ 0.1 because most of the stellar debris doesn't reach the BH but is blown away by a wind at a radius of ∼ 10 to 100 Schwarzschild radii (Loeb & Ulmer 1997; Ulmer 1999; Strubbe & Quataert 2009; Miller 2015; Metzger & Stone 2015; Lu & Kumar 2015) . If the wind is dense enough, the effective photosphere could be far from the surface of the disk, and the radiation energy suffers from adiabatic loss before escaping, so the spectrum appears redder and the total radiation energy lower. Another possibility is that the spectral energy distritubion (SED) peaks between the observable far UV and soft X-ray windows.
We can see that TDEs release a huge amount of radiation energy, which will have a significant impact on the interstellar medium in the immediate vicinity of the BH. For example, as pointed out by Ulmer (1999) , if most of the flare's energy is radiated in the extreme UV (∼ 10−100 eV ), the bright flash can ionize gas of mass cm (2) where E rad = 3 × 10 51 E rad,51.5 erg, nH = 10 3 nH,3 cm −3 is the number density of H nuclei and we have assumed each H nucleus consumes 25 eV (ionization potential of H and He + bond energy of H2 + kinetic energy of free protons and electrons). In eq. (1) and (2), recombination is ignored because the timescale trec ∼ 10 3 n −1
Mion
yr is expected to be long. Then the energy of the ionizing flash will be slowly reprocessed into potentially observable H and He recombination lines if the gas density is high, or forbidden lines (of metals) if the gas density is low.
However, eq. (1) and (2) are true only if there is no dust extinction. If dust is well mixed with the gas, the V-band extinction is proportional to the gas column density and we have AV/NH ≃ 5.3 × 10 −22 mag cm 2 H −1 for sightlines with RV ≡ AV/E(B − V ) = 3.1 (Draine 2011) . The V-band extinction of the gas with a column depth of NH = nHRion = 2.6 × 10 22 n 2/3 H,3 E 1/3 rad,51.5 is
Therefore, for our fiducial galactic center density of nH = 10 3 cm −3 , the ionizing flash will be significantly attenuated at a radius of ∼ 2 × 10 18 cm, unless dust is significantly depleted in the gas before the TDE occurs.
The radiation energy will be deposited into dust grains, which then re-radiate in the infrared (IR). A similar process has been studied in the context of gamma-ray bursts (GRBs) by Waxman & Draine (2000) and Draine & Hao (2002) . As we show in this work, if a significant amount of dust exists in the pc-scale vicinity of the BH, the dust IR emission from TDEs is much brighter than that from GRBs, lasts longer, and is hence easier to observe.
Before moving forward to calculations of the dust IR emission, we summarize our current (very limited) knowledge about the pc-scale dust content around galactic nuclei.
In the context of active galactic nuclei (AGN), the accretion disk and broad line region are surrounded by a thick dusty torus (e.g. Jaffe et al. 2004; Tristram et al. 2007; Elitzur 2008) . The dusty torus absorbs a significant fraction of nuclear luminosity and re-radiates mid-IR continuum as observed in most AGNs. Typically, the sky covering factor of the torus is ∼ 1/2 and inner boundary is roughly given by the dust sublimation radius ∼ 0.4L
45 pc, where L = 10 45 L45 erg s −1 is the disk luminosity (Nenkova et al. 2008 ). The torus is dynamically active (Krolik & Begelman 1988) , possibly coming from a clumpy wind launched from the accretion disk (Emmering et al. 1992; Konigl & Kartje 1994) . For weakly-active galactic nuclei with luminosities L 10 42 erg s −1 , the accretion disk can no longer sustain a wind outflow rate required by the mid-IR emission extrapolated from high-luminosity AGNs, so the torus is expected to disappear (Elitzur & Shlosman 2006 ). This has not been observationally confirmed, because the dust emission no longer dominates in the mid-IR when L 10 42 erg s −1 (González-Martín et al. 2015) . As pointed out by Elitzur & Shlosman (2006) , even at these luminosities, the disk outflow can still provide a small but significant toroidal obscuration as long as the column density exceeds ∼ 10 21 cm −2 . In the context of non-active galactic nuclei, the nuclear dust content is hard to probe due to the overwhelming starlight and telescopes' limited angular resolution (1 arcsec ∼ 50 pc at a distance of 10 Mpc). Currently, the only observable case is our Galactic Center. Radio observations (of tracer molecules) revealed ∼ 10 5 M⊙ of molecular clouds and diffuse molecular gas at ∼ 1 − 5 pc from the BH, mostly in a torus-like structure (known as circum-nuclear disk, CND) with a sky covering factor ∼ 30% viewed from the BH (e.g. Herrnstein & Ho 2005; Christopher et al. 2005; Ferrière 2012) . Inward from the CND, due to the radiation from the central star cluster (∼ 10 7 L⊙), the gas becomes atomic and then ionized. The photo-dissociation region and HII region are both dusty and are observable through atomic finestructure lines (Serabyn & Lacy 1985; Jackson et al. 1993) , free-free continuum (Roberts & Goss 1993) , recombination lines (Scoville et al. 2003) , and mid/far-IR dust thermal emission (Lau et al. 2013) . The densities of different regions estimated by these works are nH ∼ 10 3 cm −3 (HII regions), 10 4 cm −3 (warm neutral medium and molecular streamers), and 10 5 cm −3 (molecular cores). The dust within a few parsecs of the Galactic Center may originate from infalling molecular clouds/clumps (Jackson et al. 1993) or from in-situ dust formation (Lau et al. 2015) . Dust grains may be destroyed by two processes: sublimation and sputtering. The former may be unimportant because the dust sublimation radius is ≪ 1 pc in weakly-or non-active galactic nuclei. The latter process is significant only in the shock heated hot ionized medium where the gas temperature 10 5.5 K. We note the fact that the Galactic Center is unusually dusty may be because the Milky Way is a gas-rich starforming galaxy. The nuclear dust content of elliptical galaxies is unknown but may be much less than in our Galaxy. As we show in this work, the pc-scale dust content around galactic nuclei can be probed by searching for the dust IR emission after a TDE is discovered. In section 2, we give an order-of-magnitude estimation of the IR emission from the dust heated by TDEs. In section 3, we calculate the bolometric lightcurve from a 1-D time-dependent radiative transfer model. In section 4, we discuss the detectability and implications, as well as some possible issues in our simple calculations. A short summary is given in section 5.
ORDER-OF-MAGNITUDE ESTIMATION
Lacking the knowledge of the dust distribution, we assume spherical symmetry for simplicity. Consider a point source with UV-optical luminosity L(t) as a function of time t in the rest frame of the source. We assume a uniform spatial distribution of dust grains with number density n d , spanning from inner radius Rin to outer radius Rout. As the UVoptical radiation propagates through the cloud, dust grains will be heated up. For a grain of radius a at radius R from the source, its temperature T is determined by the equilibrium between heating and radiative plus grain-sublimation cooling (Waxman & Draine 2000) 
where e −τ UV is the effective attenuation of the UV-optical flash by inner dust shells, tr = t − R/c is the "retarded" time (corresponding to the time segment of the UV-optical flash), QUV ≃ 1 (Draine 2011 ) is the absorption efficiency factor of UV-optical radiation,
is the Planck-averaged absorption efficiency factor, σ is the Stefan-Boltzmann constant, ρ is the density of the grain material, µ is the mean atomic mass, and B is the chemical binding energy. For the temperature range of interest in this work 1000 T 2500 K, we use an intermediate absorption coefficient between astronomical silicate and graphite (Waxman & Draine 2000 )
where the grain radius is normalized to a typical value of a = 10 −5 a−5 cm. The thermal sublimation rate is a function of temperature and can be estimated by
We take ν0 ≃ 1 × 10 15 s −1 , B/k = 7 × 10 4 K, and ρ/µ = 1 × 10 23 cm −3 as representative values for refractory grains (Guhathakurta & Draine 1989; Waxman & Draine 2000) . From eq. (7), we get a characteristic grain survival time at temperature T tsurv(T ) = a |da/dt| = 4.9 × 10 6 a−5
If the duration of the TDE UV-optical flash is tTDE = 10 6 tTDE,6 s, the "sublimation temperature" (above which dust grains fully sublime) can be defined by tsurv(T sub ) = tTDE, i.e.
T sub = 1.66 × 10 3 1 + 2.37 × 10 −2 ln tTDE,6 a−5 K
It can be shown that the critical temperature at which radiative cooling equals to sublimation cooling is Tr=s ≃ 2800 K, so the sublimation cooling term in eq. (4) is usually negligible and we can solve for the "sublimation radius" where the grain temperature equals to T sub
(10) If the whole dusty layer is optically thick to the UV-optical radiation from the central source, the total radiation energy E rad = 3×10 51 E rad,51.5 erg will be absorbed and re-radiated at a typical wavelength of λ ≃ 3(T /1600 K) −1 µm. Because the dust sublimation rate increases steeply with grain temperature (eq. 7), grains at radii R < R sub sublime fully before a significant fraction of UV-optical energy is absorbed.
From eq.(9), we can see that dust IR emission usually cuts off at wavelength shorter than 3 µm, unless there is more dust at R < R sub than the UV-optical radiation can cause to sublime. The duration of the dust emission can be estimated by the light-crossing time 2R sub /c ≃ 6.5R sub,pc yr, where c is the speed of light and R sub,pc = R sub /1 pc. The IR luminosity of the dust emission can be estimated by
where fΩ is the sky covering factor of the dusty clouds viewed from the BH and e −τ IR is the further attenuation of the dust IR emission by outer dust shells that are not heated up. Note that, when the dusty cloud is far enough from the central source that sublimation is not significant, most IR emission comes from the inner edge of the cloud and R sub should be replaced by Rin. Also, eq. (11) is a conservative estimate because when fΩ < 1, say the plane of the dust torus is oriented at an angle θ wrt. the line of sight, the light-crossing time is a factor of cos θ shorter than 2R sub /c.
RADIATIVE TRANSFER
In this section, we model the heating and cooling of dust grains with time-dependent radiative transfer in a 1-D spherical symmetric grid. The bolometric lightcurve of dust IR emission is calculated.
Model description
Dust is distributed uniformly in the spherical layer between the inner radius Rin and outer radius Rout. We assume all dust grains have the same initial radius a0 and the number density n d is independent of radius. We divide the whole dust layer into N thin shells of thickness ∆R and the middle point radius of the j-th shell (j = 1, 2, 3, . . . , N ) is Rj . Due to sublimation, the grain radius in the j-th shell aj(tr) is a function of the retarded time tr (local time since the arrival of the radiation front). The total optical depth from Rin to Rj is
where the extinction coefficient factor QUV,ext = 2 is from nearly equal contributions from absorption and scattering at UV-optical wavelengths (Draine 2011) . Note that the photons with scattering angle θs, after traveling a distance δR, are delayed by
so the scattered photons suffer from significant delays. To keep the model simple and conservative, we ignore the absorption of the scattered photons. We also ignore the small contribution to dust heating by the IR radiation from other shells, because of the time delay and the extinction at IR wavelength being small. For instance, A3µm/AV = 0.069 for RV = 3.1 (Cardelli et al. 1989 ). Actually, the heating flux on dust grains from UV and IR photons bouncing between different layers is a factor of ∼ 10 2 smaller than the flux directly from the central source
2 on the left hand side of eq. 4). Therefore, on the light-crossing timescale (a few years), the grain temperature is a factor of ∼ 3 smaller and hence the reprocessed emission is around 10 µm.
Combining eq. (4), (5) and (7), we use a simple explicit scheme to solve the time evolution of grain temperatures Tj(tr) and radii aj(tr) in each shell. We take the time step to be one tenth of the local grain survival time
We have tested that the results are not affected by a factor of 2 variations in ∆t in all cases presented. As shown below, if we only consider the dusty region to be at radius R 0.3 pc, the grain temperatures are always smaller than Tr=s (the temperature at which the radiative cooling equals to sublimation cooling). Since the sublimation cooling term in eq.(4) drops fast with decreasing temperature [∝ exp(−7 × 10 4 K/T )], we ignore the sublimation cooling term in our calculations.
From {Tj (tr), aj(tr)}, we get the volume emissivity (erg cm
as a function of retarded time through Tj (tr) and aj(tr). At any observer's time t obs , we can add up the contributions from all the shells at different radii R and emission latitudes θ to get the total (isotropic equivalent) IR luminosity
where e −τ IR is the attenuation of the IR emission from position (R, θ) at tr by other dust shells along the line of sight. The observer's clock starts (t obs = 0) when the radiation front from the central source arrives, so the IR photons emitted from position (R, θ) at retarded time tr will reach the observer at
which gives tr as a function of t obs , R and θ.
To calculate the IR optical depth τIR(R, θ, tr), we integrate the absorption 1 by dust shells along the line of sight. As shown in Fig.(1) , there are two cases: (1) if the emission latitude θ < 90 o , the line of sight intersects once with all the outer shells (R ab > R); (2) if the θ > 90 o , the line of sight intersects once with all the outer shells and twice with the inner shells at radii R sin θ < R ab < R. We denote the angle between the light ray and radial direction as θ ab and it satisfies
To calculate the optical depth contributed by each shell, we 1 Since the grain sizes are smaller than the typical dust emission wavelength (λ 3 µm), scattering has a smaller cross section than absorption, so we ignore the contribution to the IR optical depth from scattering. ab ab Figure 1 . The geometry of the extinction of the dust IR emission by the other shells along the line of sight. The observer is at infinity on the right-hand side. The IR light rays from the shell at radius R may intersect with inner or outer absorbing shells, whose radii are denoted as R ab . There are two possible cases: (1) if the emission latitude θ < 90 o , the line of sight intersects once with all the outer shells (R ab > R); (2) if θ > 90 o , the line of sight intersects once with all the outer shells and twice with the inner shells at radii R sin θ < R ab < R.
need to know the dust content at the shell's retarded time when the IR light ray arrives
Note that when the IR light ray arrives at an inner shell for the first time, we have θ ab > 90 o and hence cos θ ab < 0. In the model, the grain number density n d is fixed and the decreasing of dust content in a shell (due to sublimation) is captured by the decreasing of grain radii with its retarded time a(tr). When a(tr) is smaller than 1/30 of the initial grain radius a0, we consider the grain sublimation to be complete and the shell becomes dust free. Therefore, we can calculate the optical depth of the IR emission from position (R, θ) at tr: (1) the contribution from outer shells
(2) the contribution from inner shells (only when θ > 90 o )
(21) where i = 1, 2 means the first/second time the IR light ray intersects with the absorbing shell. Note that the Planckaveraged absorption efficiency factor Q abs P (eq. 6) depends on the grain size a in the absorbing shell (at R ab , t t,ab ) and the radiation temperature 2 T of the emitting shell (at R, tr). Table 1 . Summary of the four cases, where we vary the inner edge of the dusty cloud R in , the UV-optical luminosity L 0 and duration t TDE of the TDE source. The lightcurve of the source is assumed to be flat. The following parameters are fixed in all four cases: the radial thickness of the dusty cloud Rout −R in = 1 pc, initial grain radius a 0 = 0.1 µm (all grains having the same initial radius) and the total dust optical depth τ U V = 10 (A V ≃ 10 mag).
Results
We run the 1-D radiative transfer model for four cases, which are summarized in Table 1 . The following parameters are fixed in all four cases: the radial thickness of the dusty cloud Rout −Rin = 1 pc, initial grain radius a0 = 0.1 µm (all grains having the same initial radius) and the total dust optical depth τUV = 10 (AV ≃ 10 mag). The grain number density is constant with radius and is given by
where the extinction coefficient factor QUV,ext = 2 (equal contributions from absorption and scattering).
The bolometric lightcurves for all cases are shown in Fig.(2) , from which we draw the following conclusions: (1) the luminosities are determined by the total energy input E rad and the light-travel delay, and are typically ∼ 10 43 erg s −1 , consistent with the estimation in eq. (11); (2) the lightcurves rise linearly until tTDE (due to the increasing emitting area) and when t obs ≫ tTDE, the lightcurves are nearly flat 4 . To illustrate the dust sublimation process, in Fig.(3) we show the grain temperature and radius profiles for case I (red curve in Fig. 2 ) at different retarded time tr = 3 × 10 4 , 3 × 10 5 , 1 × 10 6 s. We can see that the dust sublimation front is very sharp and moves outwards with time. At tr = tTDE = 1 × 10 6 s, the dust grains in the inner quarter (radius-wise) of the cloud have fully sublimed. In case I, the IR emission peaks at ∼ 3 µm. The temperature profile far beyond the sublimation front is exponential, as expected from the e −τ UV term in eq.(4). We note that, at larger radii where the temperature drops to much below 1000 K, the absorption coefficient adopted in eq.(6) may not be a good approximation. However, since most IR emission comes from the inner-most shells where the grain temperatures are high, our results are not affected.
3 If the density of the grain material is ρ = 2 g cm −3 , the grain number density n d corresponds to mass density of 4.3 × 10 −23 g cm −3 . Using a dust-to-gas mass ratio of 0.01, we get a hydrogen number density of n H ≃ 3 × 10 3 cm −3 . 4 The small dip in each lightcurve towards the end corresponds to the emission from altitude angle θ ≃ 90 o (where the projected surface area is slightly smaller). 11). The legend shows the variable parameters in each case and the fixed common parameters are described in the caption of Table 1 .
DISCUSSION

Detectability
As shown in section 2 and 3, for fΩ ∼ 0.1 − 1 (the fraction of UV-optical radiation from the TDE intercepted by dust in the central few parsecs), the dust IR emission has a typical bolometric luminosity of L bol ≃ 10 42 − 10 43 erg s −1 and peaks at ν peak ≃ 9.4 × 10 13 (T /1600 K) Hz (∼ 3 µm). For a luminosity distance of dL = 1 Gpc (redshift z ≃ 0.2), the peak flux density is F ν,peak ≃ L bol /(4πd 2 L ν peak ) ≃ 0.01−0.1 mJy. This is photometrically detectable by current generation of telescopes, including the Stratospheric Observatory for Infrared Astronomy 5 (SOFIA, with the FLITE-CAM and FORCAST instruments) and the Spitzer Space Telescope 6 (hereafter Spitzer, with the IRAC instrument). In the near future, James Webb Space Telescope 7 (JWST) will be able to perform photometric and spectroscopic measurements.
We note that ground-based telescopes are much more sensitive at 2 µm (K band) than at 3 µm. Observations at 3 µm by space telescopes are more useful at detecting dust IR emission due to the following two reasons: (1) at wavelengths close to the optical, the flux could be dominated by other bright sources such as the accretion disk (as shown in Fig. 5 below) or star light; (2) since the extinction ratio A2µm/A3µm ≃ 2 (Cardelli et al. 1989) , dust emission at 2 µm may be significantly absorbed by outer dusty layers (and re-radiated at longer wavelengths). However, on one hand, the confusion by the disk emission could be ruled out by long-term monitoring, since the disk accretion rate is expected to drop fast with time while the luminosity from dust emission stays more-or-less constant for many years. On the other hand, a combination of high UV-optical luminosities (L0) and small inner edge radii (Rin) can lead to relatively Figure 3 . The upper and low panels are respectively the grain temperature and radius profiles for case I (red curve in Fig. 2 ) at different retarded time tr = 3 × 10 4 , 3 × 10 5 , 1 × 10 6 s. We can see that the dust sublimation front is very sharp and moves outwards with time. The temperature profile far beyond the sublimation front is exponential, as expected from the e −τ UV term in eq.(4). When a(tr) < a 0 /30, we consider the grain sublimation to be complete and set a(tr) = 0. This is the reason for the radius "floor" at small radii.
high grain temperatures, such as in case I (red curve in Fig.  2 ). For example, the flux density ratio F2µm/F3µm of a blackbody at T = 1600 K is only 0.72, so ground-based K-band observations may play an important role in studying dust IR emission.
To the authors' knowledge, IR observations at restframe wavelength 2 µm have only been reported from two TDE candidates, SDSS J0952+2143 (Komossa et al. 2008 (Komossa et al. , 2009 ) and Swift J1644+57 (Yoon et al. 2015; Levan et al. 2015) . Below, we first show that the mid-IR flux from SDSS J0952+2143, although consistent with the dust emission from a TDE, is likely permanent emission from dustobscured starburst regions or an AGN. Then, we also show that the mid-IR flux from Swift J1644+57 may be produced by other radiation sources, such as the accretion disk or the external shock driven by the interaction between disk outflow and circum-nuclear medium. Therefore, we are not sure whether the dust IR emission calculated in this work has been detected. At last, we point out two TDE candidates where the dust IR emission may be currently detectable. (Netzer et al. 2007 ). The integrated luminosity was L10−20µm = 3.5 × 10 43 erg s −1 . The total amount of energy radiated in the observation window since the outburst is ∼ 3.5 × 10 51 erg and the grain temperature can be estimated to be ∼ 300 − 500 K. Therefore, the mid-IR data is consistent with the scenario of emission from the circum-nuclear dust heated by a TDE. However, as pointed out by Komossa et al. (2009) , the whole SED from optical to mid-IR could also be produced by dusty starburst regions. In addition, an X-ray luminosity of 10 41 erg s −1 may be due to a weak AGN, which could also contribute some mid-IR flux. Another mid-IR observation is needed to tell whether the mid-IR emission is transient or permanent.
Swift J1644+57 (redshift z = 0.35) is widely believed to be a special TDE where a relativistic outflow is launched from the accretion disk and produces bright emission from γ-ray to radio wavelengths (e.g. Levan et al. 2011; Bloom et al. 2011; Zauderer et al. 2011 ). This event received excellent observational coverages in the time domain (a few to ∼ 1000 days) and wavelength domain (∼ GHz to ∼ TeV). Due to heavy host extinction (AV ∼ 10 mag), the UV and optical fluxes are strongly suppressed. For the purpose of this work, we pay attention to the Spitzer 3.6 µm (rest-frame ν = 1.1×10
14 Hz) and 4.5 µm (rest-frame ν = 9.0×10 13 Hz) data and see if it originates from the dust IR emission.
In Fig.(4) , we plot the 3.6 µm and 4.5 µm band lightcurves, with the flux from the host galaxy included and the host extinction is not corrected. The latest data points (at rest-frame t ∼ 800 d) are considered as host flux, although the lightcurves are not completely flat. In a similar way, the host flux in J, H, and K bands are obtained and reported by Levan et al. (2015) . In Fig.(5) , we plot the SEDs with the radio data from Zauderer et al. (2013) and the host-subtracted IR data from Yoon et al. (2015) ; Levan et al. (2015) at rest-frame time t ≃ 150 d and 250 d.
On the high-frequency side, the 3.6 µm and 4.5 µm fluxes are consistent with being the Rayleigh-Jeans tail of a blackbody component (especially in the lower panel at restframe t ≃ 250 d). As pointed out by Levan et al. (2015) , the blackbody component may originate from the accretion disk.
On the low-frequency side, the radio emission has been extensively studied and is well explained by the external shock produced by the interaction between the disk outflow and circum-nuclear medium (Metzger et al. 2012; Zauderer et al. 2013; Kumar et al. 2013; Mimica et al. 2015) . The details of the outflow are different in different models, but at 200 days, the blast wave should more or less settle to the Sedov-Taylor evolution. In the standard external shock model (see e.g. Kumar & Zhang 2015) , electrons are accelerated to a relativistic powerlaw distribution and then produce a broken powerlaw spectrum via synchrotron radiation. From Fig.(5) , we can see that, if there is no spectral break between the radio and IR, the 3.6 µm and 4.5 µm fluxes are consistent with the extrapolation of the powerlaw around 10 11 Hz. For an electron energy distribution of dN/dγe ∝ γ −p e , a spectral break may be produced at the synchrotron cooling frequency νc, because νFν ∝ ν
(1−p)/2 when ν < νc and νFν ∝ ν 1−p/2 when ν > νc. If the blast wave is sub-relativistic, the synchrotron cooling frequency is given by
Hz (23) where me is electron mass, q is electron charge, σT is Thomson scattering cross-section, B is the strength of magnetic field, t is the dynamical time. From eq.(23), we can see that, as long as B 50 mG, the synchrotron cooling break is expected to be above 10 14 Hz, and hence the 3.6 µm and 4.5 µm fluxes are consistent with being produced by the external shock. The magnetic field energy density in the shocked region is usually assumed to be a fraction ǫB of the thermal energy density and hence depends on the circumnuclear medium density and ǫB. These two parameters are very uncertain, so a firm conclusion cannot be drawn.
On the other hand, since the dust IR emission typically lasts for a few years, we encourage observations at 3 − 10 µm on some recently-discovered TDE candidates, especially the most nearby ones ASSASN-14ae (Holoien et al. 2014 ) and -14li (Holoien et al. 2015) . The reported luminosities and total radiation energies above are respectively L ≃ 8 × 10 43 erg s −1 and E rad ≃ 2 × 10 50 erg (former), 10 44 erg s −1 and 7 × 10 50 erg (latter). We note that, if the SEDs of these two events are reddened by host-galaxy extinction, the true luminosities and energies are higher. Taking the reported L and E rad as conservative values and assuming the pc-scale dust covering factor fΩ = 0.1, we expect the peak flux densities to be ∼ 0.03 mJy for ASSASN-14ae The radio data comes from Zauderer et al. (2013) and the radio flux from the host galaxy is negligible. The IR data comes from Yoon et al. (2015) ; Levan et al. (2015) . The red points are hostsubtracted fluxes. The blue points are further corrected for an extinction of A V = 10 mag, following Cardelli et al. (1989) with R V = 3.1.
and ∼ 0.5 mJy for ASSASN-14li and peak wavelengths to be between 3 and 10 µm for both events.
To confirm the nature of dust IR emission, other possibilities can be ruled out in the following way: (1) unlike Swift J1644+57, the two ASSASN TDE candidates are not expected to have strong relativistic outflows and are hence radio quiet. Actually, Alexander et al. (2015) recently reported weak radio emission from ASSASN-14li, which was interpreted as a weak outflow driving an external shock. However, extrapolation from the radio to IR gives a flux much smaller than the predicted dust emission, so there is no contamination from the external shock. (2) With a good multi-wavelength coverage from mid-IR to optical, other components (such as the disk emission) could be separated out. (3) The contribution from the host galaxies could be subtracted by multi-epoch or high spacial resolution observations.
In future JWST mid-IR spectra, we can look for the smoking-gun evidences of dust, such as the silicate feature at 9.7 µm or polycyclic aromatic hydrocarbon (PAH) features.
Other observable signatures?
(1) If a significant amount of dust exists within ∼ 10 18 cm, the refractory elements Al, Ca, Si and Fe, which normally condense into solids, will gradually return to the gas phase. Observing their abundances rising with time would be a direct evidence of dust sublimation. The abundances could be measured through absorption lines.
(2) If the dusty clouds lie along the line of sight, as dust grains sublime, the time evolution of dust extinction may be observable with sufficient UV and optical wavelength coverages.
(3) For simplicity, we have been assuming the source lightcurve to be flat, but TDEs actually have UV and optical variability down to at least timescales of days. Therefore, it may be possible to measure the time dependent dust IR emission in response to the variable UV and optical continuum. This so-called "dust reverberation mapping" method has been successfully used to determine the sublimation radius of the dusty torus in AGNs since the work by Clavel et al. (1989) .
Some potential issues
In this subsection, we discuss some potential issues that may affect the details of the dust IR emission (but the general result in this work is unaffected).
(1) To solve the grain temperature, we have assumed instantaneous thermal equilibrium in eq.(4). This is valid because the heat capacity of a single grain is small, and hence the cooling time is short. Regardless of the composition, the upper limit of the total internal energy of a grain is (ρ/µ)(4π/3)a 3 B ≃ 4 × 10 −3 a 3 −5 erg. At a temperature of T = 10 3 T3 K, the radiative cooling rate is Q abs P 4πa 2 σT 4 ≃ 3 × 10 −3 a 3 −5 T 5 3 erg s −1 . Therefore, the cooling time is < 1T −5 3 s, which means that dust grains reach thermal equilibrium nearly instantaneously.
(2) We have ignored dust destruction processes other than thermal sublimation. As mentioned by Waxman & Draine (2000) in the GRB context, photoionization of dust grains could lead to significant grain charging (positive). The electric field at the surface can be so large that the grain fragments ("Coulomb explosion") or emits individual ions ("ion field emission"), depending on how strong the grain structure is. If the grain charge is Zg = 10 4 Zg,4 (in electron units), the electrostatic binding energy of an electron at the grain surface is Zgq 2 /a ≃ 140Zg,4a
−1 −5 eV (q being the electron charge). Photo-electric charging stops when the electrostatic binding energy exceeds the incoming photon's energy. When exposed to the intense X-ray radiation from GRBs, the grain charge reaches Zg ≃ 10 5 (Fruchter et al. 2001) ; but in the context of TDEs where the radiation energy is in UV and optical, the grain charge Zg is smaller than 10 4 . The surface electric field is Zgq/a 2 = 1.4 × 10 7 Zg,4a (to break a typical 1 eV molecular bond across a distance of 1Å). Coulomb explosion happens when the electrostatic stress is greater than the tensile strength of grains, which is uncertain. In the GRB literature (e.g. Fruchter et al. 2001 ), a typical grain tensile strength Smax ≃ 10 10 dyne cm −2 is used. Therefore, once the grain charge reaches Zg ≃ 10 5 , both Coulomb explosion and ion field emission can happen. However, neither of these two grain destruction mechanisms are important in the TDE context because the grain charge is too small. Even for relativistic TDEs like Swift J1644+57 with intense X-ray emission, since the X-rays are relativistically beamed into a narrow angle, most dusty clouds only receive the more-or-less isotropic UV-optical radiation.
(3) A few other complexities, which are ignored in our simple model, can be taken into account in future works. First, the heating by the scattered UV-optical photons and dust IR radiation could be included by considering the time delay and related absorption coefficient. In this way, a spectrum of dust IR emission can be calculated and compared with future observations. Second, the clumpiness of dusty clouds will affect the radiative transfer. Since every clump will have a bright (hot) side and a dark (cold) side, dust temperature distributions are different in clumpy and smooth environments. This is considered in modeling the IR emission from the AGN torus (Nenkova et al. 2008) . Last, in the radiative transfer model in section 3, a single dust radius of a = 0.1 µm is used, but the true interstellar grain population has a broad size distribution, extending from a fewÅ (PAH molecules) to about 0.2 µm (or even larger). Most mass is in the larger grains, with half-mass grain radius typically ∼ 0.1 µm (half of mass is in grains with radius above this value), and the smaller grains contribute most surface area and hence most UV extinction (e.g. Weingartner & Draine 2001; Laor & Draine 1993) . However, at the same distance from the central source, smaller grains sublime faster than larger ones (mostly due to higher grain temperatures), so it is unclear which grain size contributes most IR emission. A systematic study of grain size distribution and chemical composition could be done in the future with dust continuum radiative transfer codes such as DUSTY 8 and HYPE-RION 9 , although the dynamical propagation of radiation coupled with dust sublimation requires some modification of the codes.
SUMMARY
We consider the impact of the UV-optical radiation (E rad ∼ 10 51 − 10 52 erg) from TDEs on the circum-nuclear medium. If the medium is dusty, the UV-optical radiation energy will be absorbed by dust within ∼ 1 pc from the BH and reradiated in the IR. We calculate the bolometric lightcurve from a 1-D radiative transfer model, taking into account the time-dependent heating, cooling and sublimation of dust grains. We show that the dust emission peaks at 3 − 10 µm and has typical luminosities between 10 42 and 10 43 erg s −1
(with sky covering factor fΩ ranging from 0.1 to 1). This is detectable by current generation of telescopes, including the Stratospheric Observatory for Infrared Astronomy (SOFIA) and the Spitzer Space Telescope. In the near future, James Webb Space Telescope (JWST) will be able to perform photometric and spectroscopic measurements. In future JWST mid-IR spectra, we can look for the smoking-gun evidence of dust, such as the silicate or polycyclic aromatic hydrocarbon (PAH) features. Observations at rest-frame wavelength 2 µm have only been reported from two TDE candidates, SDSS J0952+2143 (Komossa et al. 2008 (Komossa et al. , 2009 ) and Swift J1644+57 (Yoon et al. 2015; Levan et al. 2015) . The Spitzer 10 − 20 µm flux of SDSS J0952+2143, although consistent with the dust emission from a TDE, is likely permanent emission from dusty starburst regions or an AGN. We also show that the Spitzer 3.6 µm and 4.5 µm fluxes of Swift J1644+57 may originate from other sources than the dust IR emission, such as the accretion disk or the external shock (driven by the interaction between disk outflow and circum-nuclear medium). Long-term monitoring is need to tell whether the mid-IR emission from the two event is transient or permanent. Currently, a firm conclusion cannot be drawn. At last, we show that the two nearby TDE candidates ASSASN-14ae and -14li are good candidates to search for the dust IR emission. If the pc-scale dusty clouds have a sky covering factor of fΩ = 0.1, the conservatively estimated fluxes for the two events are, respectively, 0.03 mJy and 0.5 mJy at 3 − 10 µm.
AGNs are known to be surrounded by a dusty torus that provides obscuration and IR emission. However, little is known about the dust content in the pc-scale vicinity of weakly-or non-active galactic nuclei. Currently, the only observable example is our Galactic Center, where the dusty clouds has sky covering factor fΩ ∼ 30% (Ferrière 2012) . The dust IR emission can give a snapshot of the pc-scale dust content around weak-or non-active galactic nuclei, which is hard to probe otherwise.
